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The present invention relates generally to impulse 
generating compositions and more particularly to com- 
positions suitable for the production of a high velocity 
gas jet, the reactive impulse of which may be employed 
to perform useful work such as the propulsion of rocket 
shells (including anti-aircraft or anti-tank projectiles) 
or in assisting the take-off of airplanes, gliders, accelerat- 
ing the movement of wheeled vehicles, etc. 

Compositions of the type described herein are’ gener- 
ally employed as a gas generating fuel in a chamber 
referred to herein as a “motor” and which usuaily consists 
of'a cylindrical fuel chamber closed at one end and pro- 
vided at the opposite end with a coaxial orifice. or throat 
The chamber is so constructed as 
to be. capable of withstanding the high gas pressure which 
is developed by combustion of the fuel. The products 
of combustion of the fuel issue as a high velocity. gas 
jet through the throat of the motor, the reactive effect 
of the gas creating the propelling impulse employed. in 
rocket or jet propulsion. 

When motors of the foregoing type are employed in 
the propulsion of artillery shells such as anti-tank or 


‘anti-aircraft shells the motor containing the propellant 


is generally attached to the base of the shell, the whole 
assembly being fired from a smooth bore tube or rack. 
For use in assisting the take off of aircraft or accelerat- 
ing the motion of vehicles generally, one or more of the 
motors may be mounted upon the plane or vehicle in 
such a way that the impulse created by the high velocity 
gas jet is transmitted directly to the aircraft or vehicle. 

The present compositions are adaptable to a wide 
variety of purposes, depending upon the rapidity and 
conditions under which they are burned. They may 
be adapted to the propulsion of artillery shells, in which 
case the burning time is relatively short. They may 
also be adapted for assisting the take-off of airplanes 
either from land or water, in which case the burning 
time is considerably lengthened. In other cases they may 
be used to assist in starting or accelerating the motion 
of vehicles such as railroad trains, in which case the 
burning time is still somewhat longer. By a suitable 
variation in the composition, as will be hereinafter more 
fully described, impulse generating compositions suitable 
for these various purposes may be produced. 

In determining the suitability of any gas generating 
composition for impulse, rocket or jet propulsion pur- 
poses, the most important properties of the fuel to be 
considered are: (1) its specific impulse, (2) the repro- 
ducibility of its burning properties, and (3) the relation 
between its rate of burning, the pressure and the tem- 
perature. The specific impulse is the total impulse 
(i. e., force-time integral) imparted to the motor per 
unit weight of propellant consumed and provides a 


' measure of the performance to be expected from a motor 


or rocket using the fuel in question. Reproducibility is 
indispensable if power and freedom from bursts are to 
be obtained; while a low depedence of rate of burning 
on pressure and preignition temperature greatly sim- 
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plifies motor design, increases the range of climatic con- 
ditions under which the device is usable and decreases the 
hazards which arise from small variations in the property 
of the fuel. 

The foregoing critical properties are all fundamentally 
related to the rate of burning of the fuel and this, in 
turn is known to be dependent upon (1) the burning 
area of the fuel, (2) the pressure within the motor and 
(3) the pre-ignition temperature of the fuel. Consider- 
ing firstly the burning area factor, it is known that the 
rate of burning will vary if the burning area of the fuel 
as it is consumed is either decreasing (called a “de- 
gressive” or “regressive” burning area) or increasing 
(called a "progressive" burning area).. The effect of 
this factor may be minimized to a considerable extent by 
forming the composition into’ bodies (called "grains") 
having geometric forms so designed and inhibited as to 
insure a substantially constant. burning area as the fuel 
is consumed. : 

Considering now the effect of pressure on the burning 
rate, from theoretical considerations, it will be apparent 
that when the fuel is ignited, the pressure within the 
motor chamber rises from atmospheric pressure to a 
higher pressure at a steady state. Inasmuch as the 
pressure existing within the rocket motor greatly affects 
the burning rate, erratic. behavior likely to result in 
explosions of the fuel chamber may be anticipated if the 
fuel is characterized by a pronounced depedence of burn- 
ing rate upon pressure. Considering the burning phe- 
nomena in greater details, after ignition of the fuel, the 
pressure within the motor chamber will rise until the 
rate of gas formation within the chamber equals the 
rate of efflux, at which point a "steady condition" will 
be attained. Since the rate of gaseous combustion prod- 
ucts is proportional to the burning area of the grain 
(Ag) and also to some power of the pressure (P^) and 
since the rate of efflux is proportional to the pressure 
P and to the area of the orifice or throat (A,) a "steady 
state" will exist when: 


K,A,P"=KA,P 


the “steady state pressure” is therefore given by: 
A,\WVd—2) 
“st 
Pa(35) 


provided n is less than unity. 

The foregoing relation (the so-called “burning law" 
in one of its various forms) is an exceedingly important 
relation in the study of fuels suitable for rocket pur- 
poses. By assuming that the "steady state" pressure is 
equal to the maximum pressure produced in the rocket 
motor (Pm) the relation becomes: 


Pre 42) ^ 
A, 


since Pm, A, and A, are all readily measurable quantities, 


“ it is possible to plot log Pm against log (A,g/A;z). Such 
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a plot will describe a straight line of the slope-intercept 
form, the slope of the line being the exponent 1/(1—n), 
from which the value of the exponential constant n may 
be determined. f 

In the case of actual propellants, some deviation from 
the so-called “burning law” may be observed. However, 
the smaller the average deviation of the observed pres- 
sures from a smooth plot of pressure against Ag/ As the: 
more highly reproducible will be the internal ballistics 
of the fuel. Moreover, the closer the value of n ap- 
proaches zero, the less sensitive. does the system become 
to small variations in A, and Aj; i. e., the less rapidly 
will thé pressure vary with small variations in the condi- 
tions of burning such as the grain area, obstructions in : 
the throat of the motor, etc. Conversely, “the closer 


3. 


aici 


the ‘value of.z approaches unit, the. more. sensitive does er 


the system. become fto variations in grain area and throat 
area, and in the limiting case. where n becomes unity, it 
will-be'appàrent that the pressure: varies: as the. infinite: 

power. of: the. Az. to-A, ratio; ` 

: "Thus-the:so-called: "burníng:law;" e and: particularly the: 
value of n, the exponential constant, are of fundamental: 
importance in the ‘selection: of: a/ rocket: propellant.‘and 
inthe’ design: of: the rocket motor;.a fuel that: deviates:only: 
slightly from the so-called: “burning: law” and: that pos- 
sesses- a. low: value: of: n-will: be-characterized by a- high: 
reproducibility of chamber pressures, thereby permitting: 
the:use ofJdighter chamber. walls.and. generally of a: lower: 
factor of safety: in.motor design: 

. Turning: now to the-effect of temperature. on: the: bürn- 
ingi rate,.a low dependence: of the-burning rate’ on: the 
temperature of the: fuel prior to ignition: (referred: to: as 
“ambient” or. *pre-ignition": temperature) is of the ut: 
most: importance» in- rocket: design, for. several. reasons. 
In the first: place, if the fuel: has a:large temperature co- 
efficient of pressure: (i. e.; rate:of- change: of pressure with: 
respect to pre-ignition temperature, in a given motor 
using: a. grain-of.given-area Ag); a-motor that: is safe to 
use. at. low- pre-ignition- temperatures: may: burst: if: used; 
for example,. under. hot- desert: conditions. On the other: 
hand, if.the. motor: is.designed-for: use-at high: preignition: 
temperatures; then it is unnecessarily. massive. for use 
under. moderate or low. temperature conditions: Further- 
more, if.the.pressure developed.in the rocket motor falls: 
below a.certain-threshold value, the. propellant tends to 
burn incompletely: Therefore, if the. fuel.is character- 
ized.by a.large. temperature. coefficient, the possibility: is: 
increased of "burn-outs" at low pre- "ignition temperatures; 

as.well.as “blow-outs” at high: pre-ignition temperatures: 

Finally, a. fuel: with. a large: temperature coefficient will: 
be characterized by. an: undesirably: high degree of dis- 
persion. at. low.. pre-ignition. temperatures,- and. also: by 
variable ballistics. (changes:in range). with- variations in: 
the temperature. of. tlie. fuel. prior. to ignition. 

Considering . the temperature: factor somewhat more 
closely, it.has been found’ that, -if the rate of burning: is: 
measured at different ambient temperatures but. at the- 
same maximum pressure, then the rate of change of burn- 
ing with. temperature 'is- rélatively' small in the case of 
practically, all. existing. rocket fuels... Unfortunately, .how- 
ever, in actual use, the only factor capable of being main- 
tained substantially constàánt:i$ the. ratio: A45/44;, i. e., 
the grain area and the throat area. . In other words, the 
maximum. pressure developed. in. the- motor. chamber. is: 
not a constant: but: varies with the ambient- temperature: 
But.as previously. explained, in. the: case: of: fuels- having: 
a large value of: n, changes. in. pressure. profoundly: affect: 
the rate of burning... Accordingly, the. temperature effect: 
is intimately. related-to. the. pressure. effect. 

The temperature effect. discussed. above: is: more. pre- 
cisely defined by the relation: 

Kr 


per) kx m)r-^ 


where P is.the pressure,. T is. the- temperature, R is the 
rate of. burning, Kis a constant.A,/A; ratio, and. is-the 
exponential constant.in. the.so-called-“burning law." Ex- 
pressing the same relation in-words, the fractional. rate. of 
change. of. pressure. with temperature: for a grain of: given 
area A, when burned. ina: motor. having à throat. area- As 
i$ equal. to. the fractional change in. the burning rate at 
a constant Ag to. At. ratio, : and this, in. turn,:is equal.to 
the fractional: change in thè burning. rate at- constant- 
pressure, divided by 1—7. Therefore, the smaller. the 


E 


is an dad. factor, .a: fuel: which has an n value of, 
say, 0.5. performs in a radically different manner from 
one whose n value is; say, 0:666; eventhough the differ- 
ence-in- the n values may. appear to-be numerically very 
small: Thus; since.the ratio 45/44; is usually <a large 
number (e. g., 200) the difference between 


(4g 
y Tu 
FAN QA 0:688): 
(e) 


and 


: is: the: difference. between: the. square.and cube. of. a. very 
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large: number;: for: instance, the-difference between (200)? 


and: (200)3' which: in. this. case. amounts to. 7,960;000.. 
.. Small. numerical differences in.» values of. impulse. fuels. 


are,. accordingly,. of. great significance, not only. in. re- 
spect. to reproducibility: at a: substantially. constant pre- 
ignition temperáture, but. also with. respect: to uniformity 
of action under: varying: pre-ignition temperatures. 

In. the. preceding paragraphs; the importance: of. dya 
small:deviation from. the “burning: law,” (2). a. small n 
value, and (3).a'low- temperature: coefficient, have been 


discussed.. In addition to these- factors, it.is also, desirable. 


to employ a propellant.characterized.by. as. high:a density 


as.possible, inasmuch as a-high.density permits.the use of. 
a! smaller firing chamber; thereby making. it. possible. to 
decrease; the:size,and mass of: the motor and therefore to: 


improve: the. ballistics of. the: motor. 
From-the.above analysis it: will- be apparent that. the 
design of: the impulse fuel: presents an exceedingly com- 


. plex problem, the solution of which is: complicated by. the 


< fact: thati the. properties of a gas generating composition 
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under: atmospheric. conditions- afford practically. no. ins, 


dication. of: the. properties. of. such composition. when 


burned under. the. conditions. obtaining. in. an: impulse: 


motor.. In short,.the design. of-a. propellant: fuel for jet 
propulsion at the. present: time: is almost: entirely an. em- 


pirical. problem, that requires. the. most: painstaking and: 


protracted experimentation: - 

Broadly: speaking, the. object: of. the. present invention 
is.to:provide a new and improved. gas generating composi- 
tion:suitable for. rocket purposes. 

A more. particular object is the provision of a novel 
impulse-propellant.characterized by: 


(1): A burning rate which deviates: only slightly. from. ithe: 


so-called “burning law”; 


(2) Av low value of the exponnential: constant. n in the: 


“burning law”; 


(3) A: low temperature coefficient: of: pressure: change: 
when a fuel of given:grain area‘is fired- inma given motor 


at various pre-ignition temperatures. 


A further objectis à propellant possessing the follow- 
ing additional characteristics:' 


(a) A sufficiently high-specific impulse; 
(b): Relatively. constant external ballistics;. 


| (c) A burning -rate which. may be made. high or low at 


65. 


` (e) High mechanical strength -and freedom from distor- 


will; 


(d) Adaptability to. the production of grains of high 


and low. burning times;: 


tion-under. stress; 


^; (f) High loading.density; 


70 


value of the: exponential constant 7, the. smaller will.be- | 


the- témperature coefficient of the rate of burning at a- 
constant Ag, to. A, ratio... Conversely, if. n approaches 


unity, the temperature coefficient. of. the. burning rate- 


ata constant. Ag to. A, ratio. approaches. infinity, . 


(g) Moderate motor. chamber requirements; ` 

(h) Adaptability. to molding to. close: dimensional. toler- 
ances: without mechanical finishing operations; 

(i) Ready. availability. of raw materials; 


(j): Relative simplicity. of the equipment required’ for. 


.. fabrication. 
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Other objects and advantages will-become apparent as 
the invention is ‘hereinafter more particularly described. 

As the result of an extenced investigation it has been 
found that the objects set forth above may be obtained 
by a novel type of propellant consisting of a particulate 
gas generating composition compacted in the presence of 
a binder comprising a chlorinated polyphenyl body. More 
particularly, the gas generating composition herein pro- 
vided consists essentially of two components; namely, 
(1) a particulate non-plastic gas. generating composition 
and (2) a binder comprising a resinous chlorinated di- 
phenyl or terphenyl with or without one or more resinous 
bodies. Propellants of the present type differ funda- 
mentally from previous fuels of the smokeless powder 
(ballistite) type wherein the plastic component of the 
composition was a major constituent. In the composite 
fuels of the present invention the solid non-plastic gas 
generating component constitutes generally as high as 
90-95% of the composition, the plastic component being 
employed in relatively small proportions which serves not 
only as a binder but as a modifier of the burning char- 
acteristics of the gas generating component. 


I. THE GAS GENERATING COMPONENT 


"The gas generating component in accordance with the 
present invention consists of a mixture of finely divided 
solid materials which are capable of interaction under the 
influence of heat to produce a large volume of gaseous 
reaction. products. Mixtures of this type usually consists 
of an oxidizing substance and an oxidizable substance. 
The oxidizing substance may comprise one or more solid 
inorganic oxidizing agents such as the nitrates, for exam- 
ple, sodium nitrate, potassium nitrate, barium nitrate, 
ammonium nitrate and the like. The oxidizable sub- 
stance desirably comprises one or more solid organic nitro 
compounds or their salts, such as the sodium or preferably 
the ammonium salts of nitro phenols (for example, am- 
monium picrate) or one or more solid nitramines (for 
example, nitroguanidine). 

In general, the oxidizable substance and the oxidizing 
substance may be employed in a wide range of propor- 
tions, depending on the particular use to which the ulti- 
mate fuel is to be put. In some instances, it may be 
desirable to use the components in the proportions re- 
quired for oxygen balance for the production of CO, 
and H,0 (i. e., zero oxygen balance); in the case of am- 
monium picrate—sodium nitrate mixtures this. result is 
obtained with a weight ratio of 52.5 to 47.5, respectively. 
However, for other purposes, a different specific impulse 
or a different burning rate may be desirable, in which 
case the relative proportions of components may be con- 
siderably altered with a view to modifying one or more 
properties of the fuel. Thus, for aircraft take-off purposes 
or for other uses where a low rate of burning is desirable, 
a 10-90 sodium nitrate—ammonium picrate composition 


may be satisfactory, whereas for anti-aircraft rockets or 


other purposes where a high rate of burning is desirable a 
50-50 mixture of these same components may be prefer- 
able. 

Generally speaking, in the case of ammonium picrate- 
potassium nitrate mixtures, it is undesirable to employ in 
excess of about 55% potassium nitrate, since a further 
increase in this component increases the solid reaction 
product (potassium carbonate) at the expense of the 
gaseous products, thereby cutting down the power of the 
propellant. A high specific impulse will be obtained with 
mixtures containing from about 10% to about 55% po- 
tassium nitrate. A high rate of burning will be obtained 
with a composition containing ammonium picrate 45%, 
potassium nitrate 55%. 

Certain general principles governing the relation of 
composition to impulse are reasonably clear. Any change 
in composition which lowers the proportion of solid re- 
action product tends to increase the specific impulse, in 
any case more than compensating for an accompanying 
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. include a solvent for these resins. 


 phenol-formaldehyde or urea-formaldehyde resins: 


6 


decrease in heat of reaction. Thus, an increase in the 
proportion of ammonium picrate in a mixture with potas- 

sium nitrate beyond the 48.5% required for a zero oxy- 

gen balance leads to a decrease in the predicted heat of | 
reaction. Nevertheless, the specific. impulse increases 

slightly. On the other hand, increase in the proportion 

of potassium nitrate beyond 55% produces a marked 

decrease in specific impulse. In this case the increase in 

proportion of potassium oxide or potassium carbonate 

formed works in the same direction as the decrease in heat 

of reaction. Generally speaking, the specific impulse of 

a propellant producing upon combustion solid as well 

as gaseous reaction products, is related to the fraction of 

gaseous product, the heat of reaction, the mean molecular 

weight and the heat capacity of the gaseous product. 

This general observation serves as a useful guide in de- 

vising new proportions of ingredients. 

In some cases, it may be desirable to incorporate small 
amounts of other materials in the gas generating compo- 
sition, in order to modify one or more characteristics of 
the molding powder or of the finished propellant. Thus, 
a small amount of a readily combustible material such 
as aluminum powder, charcoal, sulfur and the like, may 
be added for the purpose of modifying the burning prop- 
erties of the fuel. E 


iI. THE BINDER 


The chlorinated polyphenyl products mentioned above, 
which may be used.as binders in accordance with the 
present invention, may comprise the chlorinated diphenyls 
or chlorinated terphenyls and mixtures thereof. Chlorin- 
ated polyphenyls suitable as binders for the production 
of the composite gas generating body may be prepared as 
described by Jenkins et al, in United States Patent 
1,892,400. When diphenyl, alone, is chlorinated, the 
chlorine content should be at least 54% by weight and 
may be as high as 64% or 65% by weight. These prod- 
ucts are preferably used in the non-crystalline form as 
described in the above patent; however, some crystalline 
phase resulting from a somewhat higher degree of chlo- 
rination may also be present. . As described in the above 
mentioned Jenkins et al. patent some higher boiling aro- 
matic hydrocarbons related to diphenyl (and comprising 
the terphenyls) may also be present in the material under- 
going chlorination. As a matter of fact, for the present 
purpose, the binder may comprise wholly the chlorinated 
terphenyl fraction, but generally it appears. desirable to 
employ a mixture of diphenyl and terphenyl as the hydro- 
carbon. which is chlorinated, to the extent of between 40% 
and 60% or 65% by weight of chlorine. For the purpose 
of the present specification and claims, the chlorinated 
diphenyl and/or terphenyl product is referred to as chlo- 
rinated polyphenyl. 

While the chlorinated diphenyls and/cr terphenyls may 
be used alone as the binder and burning rate. modifier, 
for certain purposes it may be desirable to incorporate 
additional resinous compounds therewith for the purpose 
of increasing the tack and strength of the binder. For 
this purpose, I may use any resinous materials such as 
The 
phenolic constituent of these phenol-formaldehyde resins 
may be ordinary phenol, cresol, para-phenyl phenol or 
tertiary butyl phenol. These resins are employed in the 
heat-reactive condition so that upon heating, which may 
take place at a lower temperature, they become infusible 
and insoluble. When oil-scluble phenolic resins such as 
the para-phenyl phenol-formaldehyde or tertiary butyl 
phenol-formaldehyde resins are employed, the binder may 
These solvents may 
be drying oil such as tung or linseed oil. Phenol-form- 
aldehyde resins in the “B” stage are soluble in alcohol 
and may be added while dissolved in this type of solvent. 
On the other hand, urea-formaldehyde resins in the. heat-. 
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reactive: state: may: be employed: as: solutions in toluene; 
xylene: and butanol. These resins may: be prepared as 


described! in United’ States Patent No. 2,171,882, issued. 


Séptember 5, 1939. : 


'Ehe: binder is- incorporated: into the gas generating: 


composition by simple mixing'with the gas forming mate- 
tials: If the mixture of gas forming material and binder 
is rolled upon slightly heated rolls for a: few minutes; a 
more’ intimate mixing: of the ingredients: is obtained. 
Where à solvent is present in the binder composition; the 
matérial may also be rolled upon cold rolls. Pigment rolls. 
such as are employed in the: paint-industry may. be’ used. 
During rolling, any. solvent present in the resinous binder 
is readily evaporated and the operation of rolling desir- 
ably:should' be continued until a. dry; powdery material 
free of solvent is obtained. LATE 

In order to avoid adversely affecting the internal ballis- 
ties of the: propellant, a' restricted amount of resinous 


10 


binder: should be employed; namely, an. amount of resin: : 


merely sufficient to enable.the. production of the mechani- 
‘cally strong grain to be achieved. Usually from 5% to 


10%: by weight. of resin in-the finished grain is sufficient * 


to obtain: the. desired’ mechanical properties without ad- 
versely affecting. the burning characteristics of the com- 
position. In some cases, as little as 3% of resin as 
binder may be satisfactory. 


III. COMPOUNDING THE INGREDIENTS 


In producing the composite propellant of the present 
invention the: oxidizing component (for example, potas- 
sium nitrate) is preferably first dried and then ground 
to a finely divided condition. 
component (for example, ammonium picrate) is mixed 
: with the oxidizing agent, the former likewise being in a 

finely powdered: condition: :'Fhe chlorinated polyphenyl 
"binder. with or without a‘ resinous binder is next: added 
and thoroughly incorporated therewith. As stated above, 
if the mixture be rolled upon heated rolls, the tempera- 
ture. of which is just sufficient to soften the binder, more 
intimate mixing is achieved: Where a resinous binder is 
employed in conjunction with a thermostating resin, the 
rolling operation serves not only to more intimately mix 
together the ingredients but also permits any. solvent 
present to evaporate. 

The mixed powder so. obtained is pressed. in a die 
under sufficient pressure to produce a dense pellet or 
grain. After pressing the grain, if a.thermosetting resin 
has been employed as a constituent of the binder, the 


grain is desirably cured. at a. temperature sufficient to £ 


render the resin insoluble and infusible. "Temperatures 
between 30? C. and 80? C. may be employed for curing 
the resin. Condensation catalysts may be present in the 
composition in order to accelerate the curing reactions.. 


IV. CEMENTING AND COATING THE GRAINS 


Because of the powdery nature of the composition 
resulting from the incorporation of the resinous. binder 
with the solid’ gas generating ingredients an inherently. 
high degree of internal friction in the pressing operation 
renders it difficult to mold very low grains. ‘Where: such 
long grains are desired, a plurality. of short, readily 
molded grains may be cemented together by means: of 
any suitable cement containing thermosetting resins. such- 
as alkyd resins, etc., the resulting composite fabricated 
grains exhibiting excellent properties, as willbe herein- 
after described. p 

For many jet. propulsion applications. it. 1s. of. consid- 
erable advantage.to be.able to restrict the burning. of the 
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_present invention: are: particularly adapted: to the forma- 


tion-óf such. "restricted. burning grains” inasmuch’ as- the’ 
binder: will not: diffuse into. and: adversely affect. coating 
materials designed’ to: prevent burning: on: certain parts 
of the surface. : : nage 8 

EG the result of an: extensive survey, it has been found: 
that: practically: any. standard: varnish’ or: paint containing: 
either-à drying oil such’ as linseed: oil or an alkyd resin: 
produces an’ excellent flame-resisting:.coating.. Thus’ a 
large variety of paints:and varnishes ‘including: standard 
Spar varnish, automobile. paint, barn and roof paint, 
asphalt varnish and many other types of available coat- 
ing material may be used as flame-resisting coatings. . The 
coating materials may. be conveniently applied’ ‘to: the: 
grains by. painting, spraying or dipping, followed by dry- 
ing in any manner. suited to the character of the applied’ 
coating. Thereafter ‘the’ coated surface may be: addi- 
tionally protected by’ means of adhesive textile: tapes’ or: 
by other suitable means. | Such coatings have been found 
to: withstand pressures well over. 2;000' 1bs./in.2. . 


V. EXAMPLE - 


In. order. more. clearly to. disclose the. nature. of. the 
present invention, a. preferred. embodiment. will now: be. 
described. in: considerable detail. It. should. be. clearly, 
understood, however, that this is.done solely.for the pur- 
pose of. illustrating the principle of the invention by. means: 
of a concrete. example.: Accordingly,: the following, de- 
tailed description. is. not.to be: construed as a limitation 
upon the: spirit or scope: of the: invention which. is more: 
particularly defined: in-the. appended claims. |. : 

In próducing.the: preferred. gas generating composition: 
of the present. invention, commercially pure potassium: 


nitrate. is first: dried: to' less: than 14996 of water,. then: m 


ground: to-a. particle size preferably to: 70%: minus: 325) 
mesh standard: screen size: ` The. dry, powdered: potas- 
sium nitrate is thoroughly mixed with finely precipitated: 
ammonium: picrate in-the: proportion: of 55:45: by weight. 
A: non-crystalline; chlorinated;polyphenyl resin such: as: 
is described in Example VI: of United'States Patent:1,892;- 
400 in:powdered form: is mixed therewith: in the propor- 
tions of 90: parts.by weight of the potassium. nitrate-am- 
monium picrate mixture to'10:parts by weight of chlo: 
rinated. polyphenyl resin.. The: powdery mixture. is. then: 
incorporated! on: heated rolls for: a.few minutes; At the: 
completion of rolling, the. material is allowed to cool'and: 
then again finely powdered. The powder so produced is: 
fornied into a grain by’ pressing in a-heated die. i 
The: grains are. now ready for use either as formed: or: 
after cementing several’ grains: together: to: form a’ larger 
grain or after coating with a flame-resisting material to: 
form. “restricted: burning grains.” Cementing may' be’ 
conveniently carried. out by applying a thin coat of ce- 
ment (alkyd resins such as: Glyptal 1201) to the: surfaces 
to be joined; pressing the two surfaces together and main- 
taining.a light pressure on the joined portions during the 
curing operation. Restricted burning grains may be pro+ 
duced by spraying a selected area such as the ends of a 


- perforated cylindrical grain if neutral burning is required, 
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fuel body to. certain parts of its surface, either for the . 
purpose of producing a.grain of neutral burning area, or 
for the purpose of restricting. the burning of the. grain to 
a particular area of the grain... The compositions of the 75 


or the.sides and. one end of a large, solid, cylindrical: 
grain. with any commercial coating material containing. 
linseed oil. or an alkyd resin... The. coated surface. may 
be. additionally protected. by. applying an adhesive. coated: 
fabric tape over the resin coating. 


VI. PROPERTIES OF THE COMPOSITE 
PROPELLANT 


Table. I. summarizes. the ballistically important: prop- 
erties of the two specific compositions in accordance with: 
the: present. invention... For purposes: of. comparison the: 
corresponding data on ballistite are also given. 
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> Table I 
Ballistite C. P.-11 | C. P.-2? 
Density, g./ee_....-----.----.----- 1.63 1.92 1.79 
dijdT (Burning rate at 2,000 1.00 1.40 1.42 
p. s. Ly in./see.).--.-..--enenen ne 
din Pld T= (dinR/dT)x-.. 1.5% 0.5% 0.5% 
Exponential Constant m. 0. 73 0.40 . 40 
K000— (A d] A t)00.. 200 220 220 
I. 226 165 170 


1The composition listed as C. P.-1, contained the following ingre- 
dients in percent by weight: 45% NaNO?, 45% ammonium picrate and 
10% of a chlorinated diphenyl-polyphenyl resin. i 

2 The composition listed as C. P.-2, contained the following ingre- 
dients in percent by weight: 47% NaNO., 47% ammonium picrate, 
4.3% of a urea-formaldehyde resin and 1.7% of a chlorinated diphenyl 
resin, . 


From the foregoing data it will be apparent that the 
composite propellant of the present invention is char- 
acterized by the following advantageous properties: 

(1) The material has highly reproducible ballistics. 
The logrithmic plot of pressures against A,/A; is a 
straight line over the range of from 1,000 to 4,000 p. s. i. 

(2) The linear rate of burning of the present fuels 
can be varied over a wide range. This may be accom- 
plished by changing either the specific composition of 
the powdery gas generating composition or the specific 
composition of the binder. Thus, the present propellant 
lends itself to a wide variety of uses requiring entirely 
different burning rates. 

(3) The rate of burning has a low dependence on 
pressure. The exponential constant n in the “burning 
law" has a value of about 0.4 to about 0.5, depending 
on the composition over a pressure range of from 500 
to 14,000 p. s. i. for grains of neutral burning area. From 
this it follows that the pressure in the rocket motor will 
vary as the 1.7 power of the A, to A, ratio. For com- 
parison, the value of n for smokeless powder is about 
0.7 and the area-pressure exponent is about 3.7. Because 
of the low value of n for the composite propellant of 
the present invention, a much smaller change in chamber 
pressure will result from any irregularity in burning which 
causes a change in the burning area or from variations 
in orifice or throat area. Furthermore, the low n value 
insures a lower pressure drop along a long grain than 
in the.case of smokeless powder. "Together with the 
high reproducibility of the chamber pressure, it permits 
the use of lighter chamber walls and generally a lower 
factor of safety in motor design. 

(4) The rate of burning has a low dependence on tem- 
perature. In the case of the present fuels, over the range 
from —40 to +60° C., the pressure increases only about 
0.50% for each degree centigrade rise in temperature. 
For smokeless powder the corresponding figure appears 
to be of the order of 15%, per 10? C. 

.. (5) The value of K (i. e., A, to A, ratio) may be 
varied over a wide range. This may be accomplished 
by modifying the specific composition of the grain. 

(6) The specific impulse is satisfactorily high (of the 
order of 160—170 for optimum expansion ratio). 

(7) The composite propellant has a high density (e. g., 
about 1.75 to 1.85 grams per cc.), which permits an 
appreciably higher load density than with smokeless 
powder (density about 1.63 grams per cc.). In addition, 
the low values of n and K (see items 2 and 4) permit 
the use of smaller port areas in the motor chamber and 
this also favors high loading density. 

(8) The composite propellant has a high crushing 
strength (about 5,000 to 12,000 p. s. i. depending on the 
composition) and suffers no significant distortion under 
stresses short of those required for fracture. 

(9) It may be molded to close dimensional tolerances 
and requires no substantial amount of finishing by ma- 
chining operations. 

(10) The impact sensitivity of the material is satis- 
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factory (approximately the same as that for ammónium 
picrate). 

(11) The chemical stability of the material is satis- 
factory as judged by the usual accelerated tests. The 
ballistic properties of grains burned after storage for sev- 
eral months have been satisfactory in that no change has 
taken place. Many grains have been subjected to a tem- 
perature cycle of 8 hours per cycle between +60° C. 
and —45° C. for 20 cycles without showing any signifi- 
cant change in ballistic properties, in density, or in com- 
pression strength. 

(12) The burning of the cemented grains shows no 
irregularities whatever arising from the composite, built- 
up or fabricated structure. 

(13) The restriction of the burning area by means of 
protective coatings is entirely successful. The grains con- 
tain no diffusible liquid, such as nitroglycerine, which has 
caused so much trouble in attempts to restrict burning of 
double base powder grains. 

What I claim is: 

1. A composite jet propulsion propellant essentially 
composed of a dense, compact mixture of crystalline par- 
ticles of ammonium picrate and particles of a crystalline 
inorganic nitrate selected from the class consisting of 
sodium nitrate, potassium nitrate, barium nitrate and am- 
monium nitrate, said mixture containing between 1096 
and 55% of said nitrate, the balance of said mixture be- 
ing particles of ammonium picrate and from 596 to 1096 
of a resinous matrix for said particles, said matrix con- 
sisting of a material selected from the class consisting of 
resinous chlorinated polyphenyls containing at least 40% 
of chlorine and mixtures of chlorinated polyphenyls con- 
taining at least 40% chlorine with a urea-formaldehyde 
resin. 

2. A composite jet propulsion propellant essentially 
composed of a dense, compact mixture of crystalline 
particles of ammonium picrate and potassium nitrate, said 
mixture containing between 10% and 55% of said nitrate 
and the balance thereof being ammonium picrate and 
from 5% to 10% of said mixture of a resinous matrix 
for said particles, said matrix consisting of a chlorinated 
polyphenyl containing between 42% and 65% by weight 
of chlorine. 

3. A composite jet propulsion propeliant essentially 
composed of a dense, compact mixture of crystalline par- 
ticles of ammonium picrate and potassium nitrate, said 
mixture containing between 10% and 55%. of said nitrate 
and the balance thereof being ammonium picrate and 
from 5% to 10% of said mixture of a resinous matrix 
for said particles, said matrix consisting of a chlorinated 
polyphenyl resin containing between 42% and 65% by 
weight of chlorine, said propellant having a density of 
1.92. - 

4. A composite jet propulsion propellant essentially 
composed of a dense, compact mixture of crystalline par- 
ticles of ammonium picrate and potassium nitrate, said 
mixture containing between 10% and 55% of said nitrate 
and the balance thereof being ammonium picrate and 
from 5% to 10% of said mixture of a resinous matrix 
for said particles, said matrix consisting cf a mixture 
cf a urea-formaldehyde resin and a chlorinated poly- 
phenyl resin containing between 42% and 65% by weight 
of chlorine, said propellant having a density of 1.79. 

5. A composite jet propulsion propellant essentially 
composed of a dense, compact mixture of crystalline par- 
ticles of ammonium picrate and sodium nitrate, said mix- 
ture containing 45% sodium nitrate, 45% of ammonium 
picrate and a resinous matrix for said particles, said 
matrix consisting of 10% of a chlorinated polyphenyl 
resin containing between 42% and 65% of chlorine. 

6. A composite -jet propulsion propellant essentially 
composed of a dense, compact mixture of crystalline 
particles of ammonium picrate and sodium nitrate, said 
mixture containing 47% of sodium nitrate and 479% of 
ammonium picrate and a resinous matrix for said parti- 


cles}. said: matrix: consisting: of :413 96: of.a.ureasformalde- 
hyde resin and 1.7% of a chlorinated polyphenyk resin: 
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containing: between: 42%: andi.65%: ofcchlorine: 
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